reprogramming of SCNT embryos or in offspring phenotypes, as a result of the in vitro environment (Hill et al., 1999) . Physical and chemical stresses generated during SCNT can lead to endoplasmic reticulum (ER) stress (Song et al., 2011; Lee et al., 2018) , which in turn induces cellular damage, including apoptosis (Szegezdi et al., 2006; Tabas & Ron, 2011; Lee et al., 2018) and mitochondrial dysfunction (Wu et al., 2015) . Thus, ER stress is associated with low efficiency levels in SCNT procedures.
ER stress inhibitors are used to reduce ER stress and prevent ER-stress-induced apoptosis. Tauroursodeoxycholic acid (TUDCA), a chemical chaperone derived from bile acid, is an ER stress inhibitor that has been used to stabilize ER protein folding and enhance ER function in a variety of cells and embryos (Xie et al., 2002; Ozcan et al., 2006; Zhang et al., 2012; Basar et al., 2014; Lin et al., 2016) . Salubrinal, a eukaryotic initiation factor 2α (eIF2α) dephosphorylating inhibitor, is also used as an ER stress inhibitor (Boyce et al., 2005) . Salubrinal promotes the disassembly of the growth arrest and DNA damage-inducible protein 34 (GADD34)protein phosphatase 1 (PP1) complex, and attenuates ER stress by maintaining eIF2α phosphorylation. Salubrinal is reported to have low cytotoxicity (Boyce et al., 2005; Liu et al., 2012) , but is rarely used for embryonic studies.
Embryonic studies using ER stress inhibitors have largely focused on the in vitro culture (IVC) stage for mitigating ER stress and cellular damage (Song et al., 2014) .
However, ER stress may occur before the IVC stage, such as during the micromanipulation process, and the resulting cellular damage could activate other stress signaling pathways (Lee et al., 2018) . Thus, ER stress in SCNT embryos should be mitigated during the micromanipulation stage or immediately after the generation of ER stress instead of during the IVC stage. In this study, we examined the effects of ER stress inhibitor treatment during micromanipulation of porcine oocytes on ER stress, cellular damage, and in vitro development of SCNT embryos.
Chemicals
All chemicals and reagents were purchased from SigmaAldrich Chemical Co. (St. Louis, MO, USA) unless otherwise indicated. Tunicamycin (TM), TUDCA (Merck, Darmstadt, Germany), and salubrinal were dissolved in dimethyl sulfoxide (Junsei Chemical, Tokyo, Japan) to prepare stock solutions that were then stored at −20℃ before use. 
Cell culture and chemical treatment

Isolation of oocytes and in vitro maturation
Porcine ovaries were obtained from a local slaughterhouse and transported to the laboratory. Cumulus-oocyte complexes (COCs) were aspirated from antral follicles with a diameter of 36 mm using a 10-mL syringe with an 18-gauge needle. COCs were washed in a Tyrode's lac- 
Preparation of donor cells
Using four-well dishes, pSFs were seeded and cultured with DMEM supplemented with 15% FBS and 1% (v/v) P/S at 39℃ and 5% CO2 air concentration for 67 days, until cells reached 100% confluency, to synchronize the cell cycle at the G0/G1 phase. The culture medium was replaced with fresh medium every 2 days. Cells were trypsinized with 0.05% (w/v) trypsin-ethylenediaminetetraacetic acid (EDTA) and centrifuged (500×g, 5 min, room temperature) in HEPES-buffered TCM199 supplemented with 0.78 mM sodium bicarbonate, 0.14 mM penicillin G, 0.08 mM streptomycin, and 3 mg/mL bovine serum albumin (BSA). Donor cells were placed in the same medium prior to SCNT.
Nuclear transfer
The cumulus cells of matured COCs were removed by vortexing for 3 min in phosphate-buffered saline (PBS; Gibco) supplemented with 0.1% (w/v) hyaluronidase and 0.1% (w/v) polyvinyl pyrolidone (PVP). SCNT was carried out in a micromanipulation medium of HEPES-buffered TCM-BSA containing 5 μg/mL cytochalasin B. Oocyte enucleation was conducted using an injection pipette by removing the first polar body and metaphase II chromosome mass together with a small amount of surrounding ooplasm. Then, a donor cell was injected into the perivitelline space of each enucleated oocyte. Each reconstructed oocyte was helded in a 50-μL droplet of porcine zygote medium-3 (PZM-3; holding medium) until fusion treatment.
Electrofusion and activation
The reconstructed oocytes were manually aligned be- 
ER stress inhibitor treatment
We investigated three ER stress inhibitor treatments. For the first two treatments, 200 nM salubrinal or 100 μM TUDCA was added to the micromanipulation medium and the holding medium. For the third treatment, both salubrinal and TUDCA (Sal+TUD) were added. After fusion and activation, reconstructed oocytes were incubated in PZM-3 with ER stress inhibitors for an additional 3 hr at 39℃ and 5% CO2 air concentration before IVC.
IVC and sampling
Treatment and control SCNT embryos were cultured in fresh PZM-3 droplets for 6 days at 39℃ and 5% CO2 air concentration. Embryos were sampled at 20 hr (one-cell stage) and day 6 (blastocyst stage) after fusion and activation, and washed in PBS containing 0.3% (w/v) PVP.
Washed embryos were lysed in 30 μL of L/B buffer, and stored immediately at −75℃ for the analyses of ER stress and apoptosis. Some blastocysts were stained with 2 μg/mL Hoechst 33342 for 30 min. Stained embryos were mounted on a glass slide with VECTASHIELD (Vector Laboratories, Burlingame, CA, USA) under a cover slip, and cell numbers were counted using fluorescence microscopy (BX50; Olympus, Tokyo, Japan).
RNA isolation and cDNA synthesis
Total pSF RNA was extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). The extracted RNA was precipitated Table 1 .
Statistical analysis
At least three replicates were used for each statistical test. RT-PCR and RT-qPCR data were compared using analysis of variance and Duncan's multiple range test. Developmental rates were analyzed using the chi-square test, and blastocyst cell numbers were compared using Student's t-test. All analyses were conducted using the Statistical Analysis System software package (v.9.3; SAS Institute, Cary, NC, USA).
ER stress inhibitors mitigated TM-induced ER stress in somatic cells
Addition of TUDCA significantly reduced (p<0.05) the levels of Xbp1 splicing, which was induced by TM, in porcine fibroblasts in all TUDCA treatment groups (Fig. 1A) .
Expression levels of the ER-stress-associated genes (BiP, GRP94, ATF4, and CHOP) also decreased with addition of 100 μM and 200 μM TUDCA, but these differences were not significant (Fig. 1B) . Expression levels of the ER-stressassociated genes were similar in the 100 μM-and 200 μM-TUDCA treatments.
The effects of using 100 μM and 200 μM TUDCA on the in vitro development of porcine parthenogenetic embryos were examined in an additional experiment. As no differences in development were observed between treatments using the two TUDCA concentrations (unpublished data), 100 μM TUDCA was used for the SCNT experiments.
The addition of both 200 nM and 400 nM salubrinal also significantly reduced (p<0.05) levels of TM-induced Xbp1 splicing in porcine fibroblasts (Fig. 1C) . Similarly, salubrinal resulted in down-regulation of ER-stress-associated genes. Overall, gene transcription levels were lower in treatments with 200 nM and 400 nM salubrinal compared to levels in the TM-only treatment (Fig. 1D) . However, these decreases were not significantly different, except for BiP in the 200-nM salubrinal treatment (Fig. 1D ).
The effects of using 200 nM and 400 nM salubrinal on the in vitro development of porcine parthenogenetic em- 
Effects of ER stress inhibitors on ER stress and apoptosis in SCNT embryos at the one-cell stage
At the one-cell stage, a significant decrease in Xbp1 splicing levels in the SCNT embryos was observed only in the TUDCA treatment ( Fig. 2A) . The transcription levels of all ER-stress-associated genes decreased in all embryos treated with ER stress inhibitors, but transcription levels varied among genes (Fig. 2B) . The transcription levels of GRP94, ATF4, and CHOP decreased significantly when SCNT embryos were treated with TUDCA (p<0.05). In the Sal+TUD treatment, the transcription levels of BiP and GRP94 were significantly lower (p<0.05) than levels in the control, and in the salubrinal treatment only CHOP had a significantly lower transcription level (p<0.05) than control levels.
During micromanipulation, addition of salubrinal did not reduce apoptosis rates in the SCNT embryos at the one-cell stage. However, transcription levels of Bax and caspase-3 mRNAs were significantly lower (p<0.05) in the TUDCA and Sal+TUD treatments compared with control levels (Fig. 2C) .
Effects of ER stress inhibitors on ER stress and apoptosis in SCNT embryos at the blastocyst stage
No significant differences were observed for levels of Xbp1 splicing or ER-stress-associated gene expression among all treatments and the control in SCNT embryos at the blastocyst stage (Fig. 3A, B) , and no significant differences in the transcription levels of the Bax and caspase-3 apoptotic genes were observed among groups (Fig. 3C ).
Effects of ER stress inhibitors on in vitro development of SCNT embryos
No differences in cleavage rate (69.2%73.9%) were observed between control and treatment groups. Blastocyst formation rates and mean blastocyst cell numbers in the salubrinal (15.4% and 53.7±4.5, respectively) and Sal+ TUD (12.2% and 54.0±3.0, respectively) treatments did not differ significantly from those of control embryos (12.6% and 41.7±3.1, respectively). However, blastocyst development (20.2%) and mean blastocyst cell number (63.0±7.2) were significantly higher (p<0.05) in embryos treated with TUDCA than in control embryos (Table 2) . Fig. 3 . Expression of Xbp1 mRNA, endoplasmic reticulum (ER) stress-associated genes, and apoptotic gene in somatic cell nuclear transfer (SCNT) embryos at the blastocyst stage. Embryos were treated with 200 nM salubrinal (Sal), 100 µM tauroursodeoxycholic acid (TUD), or both Sal and TUD (Sal+TUD) during micromanipulation, and then cultured for 6 days. The mRNAs of spliced (Xbp1s) and unspliced (Xbp1u) Xbp1 were then detected using reverse transcription polymerase chain reaction (PCR). (A) Band intensities from the reverse transcription PCR were measured densitometrically, whereas real-time quantitative PCR was used to quantify the expression of (B) ERstress-associated genes and (C) apoptotic genes. Data are presented as mean±standard error.
In the in vitro environment, stimuli from experimental processes can cause ER stress in embryos. Both electric stimuli and the calcium (Ca 2+ ) ionophore (A23187), which are commonly used in SCNT, have been reported to disturb Ca 2+ homeostasis of the ER and induce ER stress (Brostrom et al., 1995; Fernandez et al., 1996) . Our previous study revealed that A23187-mediated activation increased levels of ER stress and apoptosis in porcine parthenogenetic embryos (Park et al., 2017) . In a related study, expression levels of ER-stress-associated genes were reported to be higher in SCNT embryos than in in vitro fertilized (IVF) embryos, suggesting that ER stress and ERstress-induced apoptosis may occur during SCNT (Lee et al., 2018) . Micromanipulation has also been reported to generate excessive amounts of reactive oxygen species (ROS) in SCNT embryos (Hwang et al., 2013) , and ROS is a trigger of ER stress (Malhotra et al., 2008) .
The results from our study indicate that addition of ER stress inhibitors during micromanipulation can reduce ER stress and subsequent embryonic cell damage. However, The embryos developed to the blastocyst stage would have already overcome the ER stress induced by micromanipulation, so that there were no differences in levels of Xbp1 splicing and expression of ER-stress-associated genes between treatment and control groups.
In the treatment using 100 μM TUDCA, inhibition of ER stress during micromanipulation, but not while culturing, resulted in better outcomes of in vitro development at the blastocyst stage, similar to results reported in other studies. Addition of 100 μM TUDCA during the IVC of porcine SCNT embryos significantly increased blastocyst formation, cell numbers of the inner cell mass, and total blastocyst cell numbers compared to levels in control embryos (Lin et al., 2016) . TUDCA has also been reported to inhibit ER stress and ER-stress-induced apoptosis in Sal, salubrinal; TUD, tauroursodeoxycholic acid (TUDCA).
porcine parthenogenetic embryos, and promote maturation of COCs and embryonic development (Zhang et al., 2012b) . Similarly, Song et al. (2011) reported that addition of TUDCA reduced levels of Xbp1 splicing, transcription of the ER-stress-associated gene GRP78, which codes for ATF6, an α-mannidose-like protein that enhances ER degradation, and blastomere apoptosis in bovine SCNT embryos. In addition, TUDCA can reduce hyperosmolar-induced ER stress and ER-stress-induced apoptosis during oocyte development, and promote embryonic development in mouse embryos (Zhang et al., 2012a; Basar et al., 2014; Mochizuki et al., 2018 Zhang et al. (2012a) reported that peak Xbp1 expression occurred at the four-cell stage, which is the same stage of genomic activation. This implies that Xbp1 may be associated with embryonic development in pigs.
In conclusion, our results reveal that addition of ER stress inhibitors, particularly TUDCA, during micromanipulation reduces ER stress levels in early porcine SCNT embryos, and increases embryonic developmental potential in vitro by preventing apoptosis. Further studies are needed to clarify the relationship between UPR signaling and SCNT embryonic reprogramming.
This study was supported by Basic Science Research
